Calculations have been made for the partial pressure of OH molecules in argon plasmas into which a small amount of water vapor was introduced through a desolvation device. The Newton-Raphson method was applied to the calculation for a system consisting of O, H, OH, O2, H2, H2O, and argon. In the temperature range above 4000 K, where the system consisted mainly of O, H, OH, and argon, an approximate analytical calculation provided results in a good agreement with those obtained by the Newton-Raphson method. The partial pressures in the plasma jet light source and the high frequency plasma torch were determined by the methods proposed.
Introduction
The OH band emission occures when water vapor is introduced into emission spectroscopic light sources such as a plasma jet and a high frequency plasma torch. Generally a depres sion in the band emission is desirable for analytical purposes because the band spectra often interfere with line spectra of analytes. The OH band spectra is, however, useful for measurements of the rotational temperature, usually identified with the gas temperature of plasma sources.
Our previous work on the plasma jet1) con cerned with measurements of the band intensity and temperature distributions and calculations of partial pressures of the OH molecules and ratios of the OH spectrum intensities at two different temperatures.
Also one of the authors2) calculated partial pressures of the OH molecules in the high frequency plasma torch using the method proposed in the former paper1). The calculating method was based on the following assumptions.
) H2O molecules dissociate in the argon
plasma whose temperature exceeds 3000 K, and the partial pressures of O2, H2, and H2O can be neglected compared with those of O, H, and OH. 2 ) Total of the partial pressures of 0, H, and OH in the plasma is considered to be constant. However, the lower the temperature, the less the H2O molecules dissociate; in fact, at 3000 K, the partial pressure of H2O as well as the pressures of O2 and H2 is not so low as to be neglected. Strictly speaking, the assumption 2) should also be corrected because the actual condition is more accurately given by the one that the concentration ratio of oxygen atoms to argon atoms and the ratio of hydrogen atoms to argon atoms are constant.
The present paper describes the calculating method of dissociation equilibria and the results which are more accurate than those reported previ ously.
Calculations and Results

O-H-OH-O2-H2-112O-Ar system
For the argon plasma into which water vapor is introduced, the following equilibria (a) to (d) are generally accepted as being of importance. 
where PA is the partial pressure of argon in atm.
The sum of the partial pressures of all the species is 1 atm, namely
Taking logarithms of equations (2) and (3) and transposing, we obtain (9)
To solve equations (2) to (8), the values of Po, Po2, PH, and PH2 were determined by means of the Newton-Raphson method so that the rela tions (9) and (10) might be satisfied. The calculating procedure is to start with proper initial pressures (Po)n and II/n(PH)n and to compute the other unknown pressures POH, Po2, PH2, and PH2O by use of equations (4) to (7). Insert ing the results obtained into, the following equations (11) and (12), we obtain corrected values (Po)n+1 and (PH)n+1 viz.
(11) (12) where g(Po) and f(PH) are the functions expressed as (13) (14) and the differential functions are put into the following forms.
(15)
The corrected values are inserted into equa tions (2) and (3), and unless the equations hold, the values of the pressures must be corrected again in the same manner. Thus the correction is iterated until f(PH) and g(P0) are reduced to zero. (Then equations (9) and (10) hold for the corrected values of PH,PH2, Po, and Po2.) For example, let us consider the case where only argon is employed as a plasma-forming gas for the plasma jet source. The partial Table   II . Table II . Calculated partial pressures in the argon plasma jet (atm).
2.2O-H-OH-Ar system
The results given in Table  II As the right hand side of equation (17) The value of Poll in the high frequency plasma torch, which had been reported pre viously2), was computed again by using the formula (22). The amount of water vapor in the argon stream was 2.2 mg/l when dry ice was used for desolvation. Substituting the numerical values for the con stants into equation (27), we have
The ratios of the intensities at two tempera tures can be calculated from equation (26), into which the values of NoH and ZoH are inserted. Thus we obtain
According to the results, in the temperature range of interest, the higher the temperature, the weaker is the intensity. As has been shown in Fig. 9 in the previous paper1), the excitation temperature of the plasma jet source is approximately 5000 K at the central portion, lowering to about 4000 K at the outer region of the plasma. So, the intensity at the outer region should be stronger than that at the central portion. However, the radial distribu tion shown in Fig. 8 in the paper disagrees with the above conclusion.
In the figure J3 (the observed intensity at a 2.5-mm portion from the center) is stronger than J4 (the observed intensity at a 3.5-mm portion from the center). This may be due to the follow ings:
1 ) The calculations were carried out on the system consisting of oxygen, hydrogen, and argon, whereas in the experiment nitrogen was added to the argon stream.
2 ) The plasma is not in the state of the complete thermal equilibrium. 3 ) In general the Abel inversion yields a remarkable error in the relative intensities at the outer regions. The reason 3) out of these seems to be the greatest one for the disagreement.
Conclusions
In the application of the Newton-Raphson method to the calculation of the dissociation equilibria in the argon plasmas, the partial pressures of the species such as O, H, OH etc. were obtained with a high accuracy of more than three digits by 10 to 15 iterations, pro vided that the initial values were appropriately selected. Conventional emission sources used for spectrochemical analysis have higher temperatures than 4000 K. If the plasma tempera ture is higher than 4000 K and the water vapor is removed with the desolvation device, the partial pressures of O2, H2, and H2O are so low as to be negligible in comparison with those of 0 and H. In the similar manner we derive the following expression from equation (13)
Correction
The equations given in the previous paper1) are corrected as described below.
Page 244, Equation (5) Equation (10) Also the authors present the numbers of Po, PH, PoH, I3000/I4000, I3000/I5000, and I4000/I5000 given in this paper as the corrected values of the numbers reported previously.
